BULLETIN OF MARINE SCIENCE, 69(2): 459470, 2001

CORAL BLEACHING, HURRICANE DAMAGE, AND BENTHIC
COVER ON CORAL REEFS IN ST. JOHN, U.S. VIRGIN ISLANDS:
A COMPARISON OF SURVEYS WITH THE CHAIN TRANSECT
METHOD AND VIDEOGRAPHY

Caroline S. Rogers and Jeff Miller

ABSTRACT

The linear chain transect method and videography were used to quantify the percent
cover by corals, macroalgae, gorgonians, other living organisms, and substrate along per-
manent transects on two fringing reefs off St. John. Both methods were used simulta-
neously on Lameshur reefin November 1998, and on Newfound reef'in March and Octo-
ber 1998. Hurricane Georges passed over St. John in September 1998, and a severe coral
bleaching episode began the same month. Both methods gave remarkably similar values
for coral cover, while the video method gave consistently higher values for gorgonians
and macroalgae. The most dramatic difference was in the quantification of bleaching. At
Newfound, the chain method indicated | 3.4% (SD=14.1) of the coral tissues were bleached
and the video method, 43.4% (SD=13.0). Corresponding values at Lameshur were 18.1%
(SD = 22.3) and 46.5% (SD = 13.3). Although hurricane damage was conspicuous at
Newfound reef, neither method showed significant changes in coral cover or other cat-
egories as a result of the storm.

In 1998, compelling evidence of reef degradation from the most severe bleaching epi-
sode on record, coral disease, hurricanes, and other stresses heightened the alarm over the
condition of reefs worldwide and increased awareness of the need for both assessment of
present conditions and monitoring for trends in coral cover, algal cover, and status of
other reef organisms. Furthermore, the President’s Executive Order 13089 of June 1998
on Coral Reef Protection calls for “a comprehensive program to map and monitor U.S.
coral reefs” and for “research aimed at identifying the major causes and consequences of
degradation of coral reef ecosystems.” Monitoring requires significant funding, experi-
ence, commitment, and time, and the choice of the appropriate methods to use requires
considerable thought. The question is not “What is the best monitoring method to use on
coral reefs?’, but, ‘What method or combination of methods will answer our questions?’
Sometimes, the objectives of a monitoring program are very specific—e.g., to determine
if a dredging project is increasing sedimentation on a nearby reef. In other cases, the
objectives might be more general, ¢.g., to track changes on a remote and relatively undis-
turbed reef for comparison with reefs that are subject to more stresses.

Our U.S. Geological Survey research team (formerly with the National Park Service)
has been conducting monitoring of reefs around St. J ohn in the U.S. Virgin Islands since
1989. Our objective has been to quantify ‘natural’ variation in the abundance of corals
and other organisms on reefs protected within Virgin Islands National Park for compari-
son with reefs more exposed to destructive human activities. Since the beginning of our
program, our study reefs have been affected by hurricanes, coral diseases, and bleaching;
algal cover on one of the reefs indicates possible nutrient input, or, more likely, effects of
overfishing (Rogers et al., 1997). Much of our work has been done with the chain transect
method. We were interested in comparing this method to the video method described by
Aronson et al. (1994) and others. In this paper, we compare the results from these two
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Figure 1. Location of Newfound and Lameshur reefS, St. John. The boundary of Virgin Islands
National Park (VINP) is shown.

methods used in 1998 on two reefs, and evaluate their effectiveness in measuring benthic
cover, bleaching and hurricane damage.

MATERIAL AND METHODS

We selected study sites on two reefs off St. John, U.S. Virgin Islands. The first is in Newfound
Bay off'the northeast coast of the island, and the second is in Lameshur Bay off the island’s southern
coast (Fig. 1). The watershed in Newfound is undeveloped, while the Lameshur watershed has a
small field station, unpaved road, and other minor construction. Both reefs are fringing reefs domi-
nated by Montastraea annularis and slope to sand plains at depths of about 13.7 to 15 m. Only
Newfound has a well-defined reef crest and backreef zone. Forty hard coral species (scleractinians
and Millepora spp.) have been recorded at Newfound, and 33 at Lameshur. The Lameshur site
suffered significant damage from Hurricane Hugo in 1989, while the site at Newfound escaped the
storm’s effects. In September 1998, Newfound reef suffered damage from Hurricane Georges. Hur-
ricane Georges was classified as a Category 2 storm, with maximum sustained winds of about 176
km h™' and a minimum central pressure of 972 mb on 21 September 1998, when it passed about 48
km to the south of St. John. Corals at both sites showed substantial bleaching beginning in late
summer and worsening after the storm. Water temperature was measured with a Ryan Industries
thermistor at each reef. At Newfound, water temperature varied from 27.3° to 30.1°C over the pe-
riod from April to November 1998, with the highest temperature recorded on 12 September and the
lowest on 22 April (depth =7.5 m). At Lameshur water temperature was recorded at a depth of 11 m
over the period from October 1997 through November 1998 and ranged from 26.0° (on 11 March)
to 30.1°C (on 8 September).

The two monitoring methods were used simultaneously at Newfound reef in both March and
October of 1998 and at Lameshur reef in November 1998 along permanent transects marked at
each end with a survey stake. At Newfound, a 100 m long transect with survey stakes installed
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every 10 m was established at a depth of 7.6 m. At Lameshur, five 20-m transects were installed at
depths of 10.7 to 12.7 m. At each site, transects of 10 m were examined with each method after
stretching a measuring tape between two survey stakes. The chain transect method involves con-
forming a light-weight chain to the recf along the measuring tape, and recording the number of
chain links of each sessile organism or substrate type (see Rogers et al., 1994 for details). Corals
that were very pale or white were categorized as bleached. Data were compiled in QuattroPro spread-
sheets and analyzed.

The video method we used, based on those described by Aronson et. al. (1994), Carleton and
Done (1995) and Wheaton et al. (1996), involves videotaping with the camera perpendicular to the
substratum (approx. 40 cm above it), beginning at the survey stake and progressing slowly (ap-
proximately 5 min per 10 m) along the transect line. We used a Sony DVX-1000 digital video
camera, with a wide angle lens in a watertight housing. A ‘wand’ attached to the camera housing
was used to maintain a distance of 40 cm above the substrate. A ‘red filter’ was used as necessary
(depth >6m), and no artificial lights were used. The camera settings (focus, exposure, etc.) were
generally on ‘automatic’. The date, site, and transect number were written on a magnetic slate
underwater, and the slate was videotaped at the beginning of each transect. Analysis of the video-
tape involved the use of commercially available Image Pro and Microsoft Excel software, and
“Point Count’ (developed by O. Meier, J. Leard, and P. Dustan at the University of Charleston).
Using Point Count, unique, non-overlapping frames are ‘captured’ and 10 random dots are applied
onto each frame. The sessile organisms and substratum components are identified and recorded in
an Excel spreadsheet for analysis. Each transect yields approximately 24-28 unique frames, for a
total of 240-280 data points. The point count data were analyzed to determine the percent cover of
the same categories as the chain transects: hard corals, soft corals, sponges, zoanthids, and three
algal components: macroalgae (‘maca’), dead coral with ‘turf” algae (‘dca’), and crustose coralline
algae. As with the chain method, corals that were very pale or white were considered bleached.
Identifications of hard corals, and macroalgae were made to the lowest taxonomic level possible.
Substrate such as sand, pavement, and rubble were often difficult to differentiate. When random
dots were located over the transect tape or ‘wand’ they were placed in the categories ‘tape’ or
‘wand’ as appropriate. In addition, dots sometimes fell on arcas of the image that were in shadow or
in a hole in the reef structure, or on areas which could not be identified because of insufficient

resolution of the video image (poor lighting or out of focus). These points were categorized as
*shadow’ or “‘unknown’. Points in the ‘wand’, ‘shadow’, and ‘tape’ categories were omitted from the
analysis. The number of points that fell into the “unknown’ category always represented less than
4% of the total number of points analyzed. Data are expressed in terms of percent cover for each
method.

To examine possible differences in the results from the two methods, we analyzed data from
Newfound in March and October 1998, and from Lameshur in November 1998. To assess damage
from Hurricane Georges (September 1998) to Newfound reef, data from March 1998 before the
storm were compared with results in October 1998. We have also compared the results from both of
these methods during the severe fall bleaching episode.

Finally, diversity (H") was calculated for each reef based on results from each method for all
transects combined and each sampling period. Diversity was calculated as H'=— 2 p, Inp, where p,
=n/N (Shannon and Weaver, 1949). For the chain transect method, N = the total number of centi-
meters (individuals) of all species under the line, and n ;= the number of centimeters of species ‘1’
For the video method, N = the total number of points of all coral species counted and n, = the
number of points of species ‘i’. Rugosity (spatial index) was also calculated for each sampling
period as the ratio of the number of centimeters of chain to the number of centimeters of measuring
tape (i.e., the length of the transect).

Because we were using two different methods to sample the same reef transects (rather than
comparing two samples from the same population measured with a single method), it is not appro-
priate to use statistical analyses. Therefore, we are presenting our results with means and standard
deviations.
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Figure 2. Mean percent of living coral and other benthic components at Newfound reef in March
and October 1998 measured with the chain transect and video methods. DCA is dead coral with
‘turf” algae. Sand, pav, rub refers to sand, pavement and rubble.

REsuLTS

ComPpARISON OF BENTHIC COVER WiTH CHAIN AND VIDEO TRANSECT METHODS

Newfound Reef.—Comparison of results from the two methods used in March and Oc-
tober at Newfound (Fig. 2; Tables 1,2) showed that mean values for coral cover and cover
by M. annularis were very similar, while cover by macroalgae and gorgonians were higher
with the video technique for both sampling periods. Mean cover by sponges was higher
with the chain method for both periods. Zoanthids and other living organisms (‘other’)
were in such low abundance that comparisons between methods are not meaningful. Mean
cover by algal turf growing on dead coral (‘dca’), generally the largest category, did not
differ consistently between the two methods. Details of the results by individual transect
show that for some categories (macroalgae, gorgonians) results with the video were con-
sistently higher, while for other components, chain transects gave higher values, or no
trends were evident (Tables 1,2).

Lameshur Reef—At Lameshur reef in November, mean coral cover and cover by M.
annularis were also very similar with both methods, although cover by macroalgae and
gorgonians were higher with the video method (Fig. 3; Table 3). Mean cover by sponges
was higher with the chain method, although standard deviations overlapped. Unlike at
Newfound reef, macroalgae covered more of the reef than ‘dca’. Mean cover by ‘dca’ was
higher with the chain method here, although standard deviations overlapped. Comparison
of results for each individual transect showed macroalgae were consistently higher with
video while gorgonians were higher in all but one transect (Table 3).




ROGERS AND MILLER: CORAL BLEACHING, HURRICANE DAMAGE, AND BENTHIC COVER

L9 011 V0 0 71 60 61 (Y 09 ureyn as
00T 9'LE 0 0 [ 01 9% LSl 0'9¢ utey? UBON
(4 Ve 0 0 ¢l L'¢ 94 Y L'L O3PIA as
9L 09 1’0 1o 6’1 06 6'L L'l 6°'SC O9PIA UBIA
L1 ¢'8¢ £0 60 I'e 90 £t €0l Y4 uteyn

£ 0'1¢ 00 00 9% (488 L'e Ie Sle O9PIA 01 uid

(SR ¥4 S0t 00 00 (2% 00 L 1ad! £ve ureyn

9¢l '8 00 00 80 (4% '8 691 9'1¢C O3PIA 6 uld

¥°CC ¢'8C 90 00 8'C 81 09 e vee ureyn

A (a4 0 00 91 8’8 88 L0T Sle O3pPIA g uid

S0t o6r 00 00 9T L0 1l 96 L9C ureyn

79 (NS 4 00 00 1C VL 8¢ 8Tl [a4s O3PIA Lud

¥'TC 1'¢¢ 00 00 e 10 ¢e 1'ce 9¢e ureyn

el 0'0¥ 00 00 60 1’ '8 L'YyT 6'1¢ O3PIA 9 uid

6'SC oy 00 00 €T Sl s 91 £07 ueyn

6’6 9'LE 0 00 70 [as! ' 'tz 0'1¢ O3PIA gud

¢l 81 'l 00 'l €0 Ly [ 0'9¢ uteyn

0¢ ey 00 00 [ 0l €6 6'¢C 0C¢ O3pPIA ¥ ud

£'6T L'YyT [0 91 9 LT 8¢ L8l 1'ee urey)

£'e LS 00 ¥0 6'C 86 86 1€l £yl OPIA ¢ ud

09T 1'LT £0 €0 ¢ L0 L'e 811 §ee ureyn

Lel 6t 00 0 e ¥Cl [ 0Cl oLl O9pPIA cud

el 09 00 00 LT L1 I'C 66 6'S1 ureyn

67¢C L9S 00 00 S 091 ot S0l 091 O3PIA I ud

AdS vOd OA ‘IOUIO  SPHJIUBOZ soSuods  sueiuofiof) QBI[BOIOBIN SHDJHUUD I [BI0D POUYIOIN uoneoo|

(o[aqn1 pue 1uowaARd ‘PUES ST YJS ‘QES[e 1N, Yism [2100 Peap ST YD) ‘8661 UOLPIA JO31 PUNOJMAN UO S100SUEN WH ()] UE 19400 JUSIS] °1 JIqe L




BULLETIN OF MARINE SCIENCE, VOL. 69, NO. 2, 2001

L8 '8 90 0 8l 81 LT s oS ureys as
£0¢ 6'S¢ 80 0 ov 6’1 ['s LT 'St uey?D UBaN
<9 8¢ 0 00 90 s 1'c 0¢ 8¢ O3PTA as
91l £'9¢ o 00 60 L0l ovi YA 'y 09DPIA UBsj
€91 144 o 80 [ el 3 S8l L9t ureqs

TLI 9°¢e 70 00 1 79 L'l 06l 6°SC O9pPIA 0T uid

TLE (a4 €0 00 L'e 00 'L 60T 8'LT ureys

€T 8'Ie 00 00 70 14 LST 8LL LTt O3pTA 6 uid

81 I'ee 80 00 6T 6'1 8¢ €81 8'LT uteyd

ocrI 6°6¢ 00 00 1 8¢ 91 ['ve 0I¢ O9PIA 8 uid

9'6¢ L't 01 00 LT 70 67 6’6 08¢ ureqs

991 ¢'8¢C 00 00 Lo €11 €Tl 4! ¢'8¢ 03pIA Lud

el SOy I'l 00 8T [ L L9t L'Te ureyd

eyl 98¢ 00 00 00 0¢ vel SLT €Y 09PIA 9 uid

(44! L'ey 'l 00 0¢ 91 901 1’81 L9t ureys

8¢ 6'6¢ 00 00 't 66 8¢l 0¢c 0°0¢ O9pIA ¢ ud

0ve 9ve [ 00 '8 £0 Le 6'81 e uteqs

Sy £9¢ 00 00 Lo L'yl L'yl 6'1¢ ¥'LT O3PTA ¥ uld

6'vC gIe L0 o 14 I'v L'l ['Cl 1Y ureyq

Y Vi 00 00 01 ¢'81 0¢r VIl 9¢l 09PIA ¢ uld

L'1e L'LE 90 00 £y 6C [ 601 961 ureys

[4) vy 70 00 81 8T 91 '8 8¢l O3PIA cud

8°CI 9y 0 60 8 Y 09 91 S 4 ureys

0TI (4% 00 00 0 6°L1 6 91 0ce 09PTA [ uid

AdS vod QAIl ‘IYI0  SPIHUBOZ so8uods  sueruoSion oeS[eore suppuun py  [B10) POYIDIN UoneI0T

(e19qnu pue Juourased ‘pues st YJS 9vS[e ,J, WIM [2I00 Peap ST yO) 8661 F0GOI0) JAAI PUNojMaN UO S}oasuel) W 0T U I0A0D JU20I9d “7 9[qe],




ROGERS AND MILLER: CORAL BLEACHING, HURRICANE DAMAGE, AND BENTHIC COVER

[@VIDEO]
E1CHAIN |

PERCENT

MACROALGAE GORGONIANS SPONGES SAND, PAV, RUB

Figure 3. Mean percent of living coral and other benthic components at Lameshur reef in November
1998 measured with the chain transect and video methods. Categories as in Figure 2.

The chain method gave higher results for diversity (H') and the number of coral species
observed within transects at each reef than the video method (Table 4). Lameshur reef
had a lower spatial index than Newfound (Table 4).

DETECTION OF CORAL BLEACHING AT LAMESHUR AND NEWFOUND REEFS WITH THE CHAIN AND
VipEO TRANSECT METHODS

For both Newfound and Lameshur reefs, the video method gave values for bleached
coral and for bleached M. annularis, which were substantially higher than the chain
method. At Newfound, mean percent cover by bleached coral was 43.4 (SD = 13.0)
[video] and 13.4 (SD = 14.1) [chain], while the corresponding values for M. annularis
were 51.7 (SD=20.4) and 17.7 (SD = 17.5), respectively (Fig. 4). At Lameshur, cover by
bleached coral was 46.5% (SD = 13.3) [video] and 18.1% (SD = 22.3) [chain], while
cover by bleached M. annularis was 62.7 % (SD = 9) [video] and 31.7% (SD = 37.0)
[chain] (Fig. 5).

DEeTECTION OF HURRICANE DAMAGE WiTH CHAIN AND VIDEO METHODS AT NEWFOUND REEF

A comparison of results from both methods at Newfound in March with those from
October, following Hurricane Georges, indicated no changes in coral cover, cover by M.
annularis, or any other category (except macroalgae) as a result of the storm (Fig. 2,
Tables 1,2).
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Table 4. Coral diversity (H'), species richness (S), and rugosity on Newfound and Lameshur reefs.

Location Date Chain Method Video Method  Rugosity
H' S H' S
Newfound March-98 1.6 24 1.3 17 2.3
October—98 14 24 1.1 15 2.4
Lameshur  November—98 1.9 18 1.4 13 2.0

DiscussioN

A comparison of the results from the chain method and videography in terms of quan-
tification of benthic cover, physical damage from a storm, and coral bleaching revealed
some surprising similarities and some marked differences. The two methods gave re-
markably similar values for coral cover at Newfound and Lameshur reefs, given that the
methods do not sample exactly the same portion of the reef; the video camera photo-
graphs a ‘band’ about 45 cm wide giving a planar view while the chain transect method
provides a 3-dimensional aspect and samples only those surfaces directly under a chain
about 1 cm wide positioned along the contours of the substrate. The video method consis-
tently gives higher values for gorgonians, which is expected because only gorgonian hold-
fasts are included in the chain method. The video method always gives higher values for
macroalgae as well, which is harder to explain. It is often impossible to differentiate
between macroalgae and algal turf in the videotapes. The distinction between these two
categories is an important one ecologically as increases in macroalgae often signal nutri-
ent input or reductions in the amount of herbivory (for example, as result of overfishing).
Because the chain method includes crevices and holes in the reef, not visible in planar
view, and because algal turf is often found growing on these surfaces, we had expected
higher values for ‘dca’ with the chain method. In fact, the results for this category were
quite similar at both reefs.

The most dramatic difference in the two methods was the quantification of bleached
coral, with much higher values with the video technique. The higher values for bleached
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Figure 4. Mean percent of each transect that was live coral and bleached coral, and mean percent of
total live coral and Montastraea annularis that were bleached at Newfound reef in October 1998
measured with the chain transect and video methods.
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Figure 5. Mean percent of each transect that was live coral and bleached coral, and mean percent of
total live coral and Montastraea annularis that were bleached at Lameshur reef in Novermber 1998
measured with the chain transect and video methods.

coral with videography probably reflect the more severe bleaching that was observed on
the upper surfaces (rather than the sides) of the corals, most of which were M. annularis.
While ‘completely’ bleached (white) corals are obvious with either method, it can be
difficult to decide if pale or mottled coral colonies are bleached, especially with the video
method where image resolution can affect the apparent coloration of the colonies.

Neither of the two quantitative methods used indicated changes from Hurricane Georges
at Newfound reef, although dives within 1 wk of the storm showed smashed and over-
turned corals, and detached sponges and sea fans. Qualitative observations and photo-
graphs of damage taken as soon as possible following storms will provide valuable infor-
mation that may not be reflected using quantitative methods. Physical damage will not
necessarily result in decreases in coral cover within permanent transects or quadrats; for
example, detached coral colonies or fragments can be hurled into permanent transects or
quadrats increasing (at least temporarily) the amount of living coral. Storm seas can de-
tach macroalgae which were obscuring living corals (a beneficial effect!). Sea fans, bro-
ken off at their holdfasts, can end up lying horizontally on the bottom, covering other
organisms and increasing the cover by gorgonians. The ‘hit or miss’ nature of storms also
canresult in either an overestimate or underestimate of physical damage based on surveys
of a small number of transects in one geographic area of a reef. In contrast to the lack of
evidence of storm damage in transects at Newfound reef after Hurricane Georges, sig-
nificant decreases in coral cover and cover by M. annularis were quantified using the
chain transect method along the same transects surveyed in this study at Lameshur reef
following Hurricane Hugo in 1989 (Rogers et al., 1997).

The video method gave lower values for diversity than the chain transect method, re-
flecting the lower number of species observed in planar view. With the chain transect
method, species growing on undersurfaces and not visible in planar view will be detected.

A major advantage of the video method is that it provides a permanent visual record of
a reef. There is also the opportunity to go back to the tape for more information. Unlike
the chain transect method, a diver using the video technique does not need expertise in
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field identification of reef organisms. It is also extremely useful to show videotapes of
reefs that have been damaged to managers of national parks and other marine protected
areas or judges presiding over boat damage cases. Video footage taken perpendicularly
over reef substrate should always be accompanied by tapes showing the general appear-
ance of the reef to give a more representative view of the structure of the reef and its
condition. The video method requires much less time in the field than the chain transect
method (less than 10 min per 10 m transect vs up to 2 h of diving). However, it requires
far more time in the laboratory to analyze the images than to enter chain transect data into
a spreadsheet. Consistent identification of substrate from video images is a concern, but
quality control is facilitated because the images can be archived and viewed again to
ensure accurate and consistent identifications.

A major strength of the chain transect method is that identifications of organisms are
made on site rather than from video images. Also, unless boats or anchors have crushed
them, most reefs are not flat (planar), and the chain transect method records the 3-dimen-
sional surfaces of the reef bottom. ‘

Neither the chain transect or video method is strictly repeatable from one sampling
period to the next, because neither surveys exactly the same portion of the reef each time.
It is impossible to position the chain in precisely the same position on the reef, or to keep
the video camera at exactly the same distance and angle from the bottom on successive
surveys. However, the video camera will record the same general ‘band’ or ‘swath’ along
the reef bottom.

Our study indicates that both methods provide the same results for coral cover but does
not definitively conclude that one method or the other is more effective or accurate at
documenting non-coral cover, hurricane damage or bleaching on a coral reef. The chain
transect method may be more appropriate for documenting storm damage because it pro-
vides a measure of the topographical relief of the site. Quantitative video is more appro-
priate if the interest is in documenting visible changes such as portions of corals that are

bleached or diseased. In addition, we recommend the use of video or still photographs to
document the general appearance of any reef that is being monitored. The conclusions we
present here are based on reefs dominated by M. annularis and would not necessarily
hold true for reefs dominated by coral species with very different morphologies, for ex-
ample, Acropora spp., Agaricia tenuifolia, and Dendrogyra cylindrus.

ACKNOWLEDGMENTS

We are grateful to G. Garrison, E. Link and R. Waara for their hard work in the field, including
using the “ball and chain’ method, and to G. Garrison for making us buy the digital video camera
and for her early enthusiasm for the video technique that we have now heartily adopted. This re-
search was funded by the U.S. Geological Survey as part of the USGS/National Park Service Inven-
tory and Monitoring Program.

LitErATURE CITED

Aronson, R. B., P. J. Edmunds, W. F. Precht, D. W. Swanson and D. R. Levitan. 1994, Large scale,
long-term monitoring of Caribbean coral reefs: simple, quick, inexpensive techniques. Atoll
Res. Bull. 421: 1-19.




470 BULLETIN OF MARINE SCIENCE, VOL. 69, NO. 2, 2001

Carleton, J. H. and T. Done. 1995. Quantitative video sampling of coral reef benthos: large-scale
application. Coral Reefs 14: 35-46.

Rogers, C. S., G. Garrison, R. Grober-Dunsmore, Z-M. Hillis and M. A. Franke. 1994. Coral reef
monitoring manual for the Caribbean and western Atlantic. National Park Service. 100 p. incl.
photos.

- 1997. A fishy story about hurricanes and her-
bivory: seven years of research on a reef in St. John, US Virgin Island. Proc. 8th Int’l. Coral
Reef Symp. 1: 555-560.

Shannon, C. E. and W. Weaver. 1949. The mathematical theory of communication. Univ. Tlinois
Press, Urbana.

Wheaton, J. L, W. C. Jaap, P. Dustan and J. Porter. 1996. Coral reef hard bottom monitoring project.
Annual and 4th Quart. Rpt. Florida Keys National Marine Sanctuary Water Quality Protection
Plan. 30 p.

Avopress: (C.SR.) US. Geological Survey, Caribbean Field Station, RPO. Box 710, St. John, USVI
00830. E-mail: <caroline_rogers@usgs.gov>. (JM.) National Park Service, PO. Box 710, St. John,
US Virgin Islands 00830. E-mail: <william—jmiller@nps.gov>.




